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Small Wind Turbine Productivity Estimates*
Wind  Productivity Wind Power Density =~ Wind Speed
Power  per m2 of at33ft (10 m) at33ft (10 m)
Class sweptarea™

(kWh/year) (W/im?) (mph) (m/s)

1 < 350 <100 <9.8 <44

2 350- 500 100 - 150 9.8-11.5 4.4-51

3 500- 610 150 - 200 11.5-125 5.1-5.6

4 610- 690 200 - 250 125-134 5.6-6.0

5 690- 770 250 - 300 13.4-14.3 6.0-6.4

6 770- 880 300 - 400 14.3-15.7 6.4-7.0

7 880-1170 400 -1000 15.7-21.1 7.0-94

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.
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Small Wind Turbine Productivity Estimates*
Productivity Wind Power Density =~ Wind Speed

Wind

Power

Class

NOOTE ON =

per m2 of at33ft (10 m)

swept area**

(kWh/year) (W/im?)

< 350 <100

350 - 500 100 - 150
500 - 610 150 - 200
610 - 690 200 - 250
690 - 770 250 - 300
770 - 880 300 - 400
880-1170 400 -1000

* Estimates are based on different models and sizes of wind turbines

assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by

the total swept area of the turbine.
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Colorado Wind Resource Map

WWW. coloradoenergy.ora/conrd/default.asp
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http://www.coloradoenergy.org/corrd/default.asp

Connecticut Wind Resource Map

Small Wind Turbine Productivity Estimates*

Wind  Productivity Wind Power Density ~ Wind Speed
Power per m2 of at33ft (10 m) at 33ft (10 m)
Class swept area™

(kWhlyear) (W/m?) (mph) (m/s)

< 350 <100 <9.8

350 - 500 100 - 150 98-115

500- 610 150 - 200 11.5-125

610 - 690 200 - 250 125-13.4

690 - 770 250 - 300 13.4-14.3

770 - 880 300 - 400 14.3-15.7

880-1170 400 -1000 15.7-21.1

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.
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Small Wind Turbine Productivity Estimates*

wind  Productivity Wind Power Density =~ Wind Speed
Power perm2 of at 33ft(10 m) at33ft (10 m)
Class swept area™
(kWhlyear) (W/m?) (mph) (m/s)
< 350 <100 <9.8 <44
350 - 500 100 - 150 98-115 44-5
500 - 610 150 - 200 11.5-125 5.1-5.
610 - 690 200- 250 125-13.4
690 - 770 250 - 300 13.4-14.3
770 - 880 300 - 400 14.3-15.7
880 -1170 400 -1000 15.7-211

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.




Idaho
Wind Resource
Map

Small Wind Turbine Productivity Estimates*®

Wind  Productivity Wind Power Density =~ Wind Speed
Power per m2 of at33ft (10 m) at33ft (10 m)
Class sweptarea**

(kWh/year) (W/m?) (mph) (m/s)

< 350 <100 <9.8

350 - 500 100 - 150 98-115

500 - 610 150 - 200 11.5-125

610 - 690 200 - 250 125-134

690 - 770 250 - 300 134-143

770 - 880 300 - 400 14.3-15.7

880-1170 400 -1000 157-211

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

X

** For systems of different sizes, multiply the estimated productivity by

o
the total swept area of the turbine. “Pocatello




lllinois
Wind Resource
Map

Small Wind Turbine Productivity Estimates*

wind  Productivity Wind Power Density =~ Wind Speed

Power  per m2 of at33ft (10 m) at33ft (10 m)

Class sweptarea™

(kWh/year) (Wim?) (mph) (m/s)
<350 <100 <9.8

350 - 500 100 - 150 9.8-11.5

500 - 610 150 - 200 11.5-125

610 - 690 200 - 250 125-13.4

690 - 770 250 - 300 13.4-14.3

770 - 880 300 - 400 14.3-15.7

880-1170 400 -1000 16.7-21.1

1
2
3
4
5
6
7

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.




lowa Wind Resource Map

WWW.energy.lastate.edu/renewable/wind/maps-index. htmi

Estimated Average Annual Wind Speeds

Typical average wind speeds onwell exposed sites at 50 m above ground
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http://www.energy.iastate.edu/renewable/wind/maps-index.html

Maine
Wind Resource

Power per m2 of
Class swept area*™
(kWhfyear)

<350
350 - 500
500 - 610
610 - 690
690 - 770
770 - 880
880-1170

at33t (10 m)

(Wim?)
<100
100- 150
150 - 200
200 - 250
250 - 300
300 - 400
400 -1000

Small Wind Turbine Productivity Estimates*

wind  Productivity Wind Power Density =~ Wind Speed
at33ft(10m)

(mph)
<98

9.8-115
11.5-125
125-134
13.4-143
14.3-15.7
15.7-211

(m/s)

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.




Maryland Wind Resource Map
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Small Wind Turbine Productivity Estimates*
Wind  Productivity Wind Power Density =~ Wind Speed
Power  per m2 of at33ft(10 m) at 33 ft (10 m)

Class sweptarea™™
(kWh/year) (W/m?) (mph) (m/s)
<100

<350
350 - 500 100 - 150
500 - 610 150 - 200
610 - 690 200 - 250
690 - 770 250 - 300
300 - 400

770 - 880
880-1170 400 -1000

NOOBWN =

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.
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Massachusetts Wind Resource Map
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Small Wind Turbine Productivity Estimates*

Wind  Productivity Wind Power Density =~ Wind Speed

Power  per m2 of at33ft(10 m) at33ft(10 m)

Class swept area**

(kWh/year) (W/m?) (mph) (m/s)
<350 <100 <9.8

350 - 500 100 - 150 9.8-11.5

500 - 610 150 - 200 11.5-125

610 - 690 200 - 250 12.5-13.4

690 - 770 250 - 300 13.4-14.3

770 - 880 300 - 400 14.3-15.7

880-1170 400 -1000 15.7-21.1

NOORWN =

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.




Minnesota's Wind Resource

Minnesota by Wind Speed at 50 meters
Wind Resource
Map
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http://www.state.mn.us/cgi-bin/portal/mn/jsp/content.do?contentid=536884889&contenttype=EDITORIAL&agency=Commerce

Montana Wind Resource Map
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Small Wind Turbine Productivity Estimates*

Wind  Productivity Wind Power Density =~ Wind Speed
Power  per m2 of at33ft(10 m) at33ft (10 m)
Class sweptarea™
(kWhyear) (W/m?) (mph) (m/s)
< 350 <100 <98 <4.4
350 - 500 100 - 150 9.8-11.5 4.
500 - 610 150 - 200 11.5-125 5.
610 - 690 200 - 250 125-134 5.
690 - 770 250 - 300 134-14.3 6.
770 - 880 300 - 400 14.3-15.7 6.
880-1170 400 -1000 156.7-211 7.

NOOTAWN =

4
1
6
0
4
0
* Estimates are based on different models and sizes of wind turbines

assuming a tower height of 80 ft (24 m).

** For sYStems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.




New Hampshire
Wind Resource Map

Small Wind Turbine Productivity Estimates*

Wind  Productivity Wind Power Density =~ Wind Speed
Power permZ of at33ft (10 m) at33ft (10 m)
Class sweptarea*
(kWhyear) (W/m?) (mph) (m/s)
<350 <100 <98 <44
350 - 500 100 - 150 98-115 44-5.
500 - 610 150 - 200 115-125 5.1-5.
610 - 690 200 - 250 125-13.4
690 - 770 250 - 300 13.4-14.3
770 - 880 300 - 400 14.3-15.7
880 -1170 400 -1000 15.7-21.1
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* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.




New Jersey
Wind Resource Map
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Small Wind Turbine Productivity Estimates*

Wind  Productivity Wind Power Density  Wind Speed
Power permZ of at33ft (10 m) at33ft (10 m)
Class sweptarea**

(kWhtyear) (W/m?) (mph) (m/s)

< 350 <100 <9.8 <4.4
350 - 500 100 - 150 98-115 4. .
500 - 610 150 - 200 11.5-125 5. .
610 - 690 200 - 250 125-134
690- 770 250 - 300 13.4-14.3
770 - 880 300 - 400 14.3-156.7
880-1170 400 -1000 15.7-211

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.




New Mexico :
Wind Resource iprock 'Farmingtgn
Map

Small Wind Turbine Productivity Estimates*

Wind  Productivity Wind Power Density ~ Wind Speed
Power  per m2 of at33ft (10 m) at33ft (10 m)
Class swept area**

(kWh/year) (W/m?) (mph) (m/s)

< 350 <100 <9.8

350 - 500 100 - 150 9.8-11.5

500- 610 150 - 200 11.5-125

610 - 690 200- 250 125-134

690- 770 250 - 300 13.4-14.3

770 - 880 300 - 400 14.3-15.7

880-1170 400 -1000 15.7-21.1

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.

s Carlsbaq‘




New York Wind Resource Map

truewind.teamcamelot.com/NY/

Wind Resource at 65 m and 100 m
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http://truewind.teamcamelot.com/NY/

North Carolina Wind Resource Map

Fayettevile™ ¢
r \\ \ Ay
S R W S

Small Wind Turbine Productivity Estimates*

wind  Productivity Wind Power Density ~ Wind Speed

Power  per m2 of at33ft(10 m) at 33 ft (10 m)

Class sweptarea™*

(kWh/year) (W/im?) (mph) (m/s)
< 350 <100 <9.8 <44

350 - 500 100 - 150 9.8-11.5 4. X

500 - 610 150 - 200 11.5-125

610 - 690 200 - 250 125-134

690 - 770 250 - 300 134-14.3

770 - 880 300 - 400 14.3-15.7

880-1170 400 -1000 16.7-21.1

NOOAWN=

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.




North Dakota Wind Resource Map
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Small Wind Turbine Productivity Estimates*

Wind  Productivity Wind Power Density =~ Wind Speed
Power  per m2 of at33ft (10 m) at33ft (10 m)
Class sweptarea™

(kWhlyear) (Wim?) (mph) (m/s)

< 350 <100 <9.8

350 - 500 100 - 150 9.8-115

500 - 610 150 - 200 11.56-125

610 - 690 200 - 250 125-134

690 - 770 250 - 300 13.4-14.3

770 - 880 300 - 400 14.3-15.7

880-1170 400 -1000 15.7-21.1

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.




Oklahoma Wind Resource Map

WwWW.seic.okstate.edu/owpi/MWindRes/windmap.htm

Wind Power Resource
Class Potential
1

Poor
I . Marginal
Fair

Qklahoma
Wind

Initiative

* Madel results have not yet been thoroughly verified but it is thought
that the model underestimates the wind resource in many areas,
ezpecialy in the eastern part of the state.



http://www.seic.okstate.edu/owpi/WindRes/windmap.htm

Oregon Wind Resource Map

Small Wind Turbine Productivity Estimates*

Wind  Productivity Wind Power Density ~ Wind Speed
Power  per m2 of at33ft (10 m) at33ft (10 m)
Class swept area™
(kWhlyear) (W/m?) (mph) (m/s)
< 350 <100 <9.8 <44
350 - 500 100 - 150 9.8-11.5 4.4-5.
500 - 610 150 - 200 11.5-125 -
610 - 690 200 - 250 125-134 56-6.
690 - 770 250 - 300 13.4-14.3 6.0-6.
770 - 880 300 - 400 14.3-15.7 -
880-1170 400 -1000 15.7-211 -

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.
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Pennsylvania Wind Resource Map
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Small Wind Turbine Productivity Estimates*

Wind  Productivity Wind Power Density ~ Wind Speed
Power  per m2 of at33ft (10 m) at33ft (10 m)
Class sweptarea*™
(kWhlyear) (Wim?) (mph) (m/s)
< 350 <100 <9.8 <44
350 - 500 100 - 150 9.8-115 -
500 - 610 150 - 200 11.5-125 -
610 - 690 200 - 250 125-134 -

4.4-5.
5.1-5.
5.6-6.
690 - 770 250 - 300 134-14.3 6.0-6.
770 - 880 300 - 400 14.3-157 6.4-7.
880-1170 400 -1000 16.7-211 7.0-9.

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.




Rhode Island
Wind Resource
Map

Providence .

Small Wind Turbine Productivity Estimates*

Wind  Productivity Wind Power Density =~ Wind Speed

Power perm2 of at33ft (10 m) at33ft (10 m)

Class swept area*™

(kWhlyear) (W/m?) (mph) (m/s)
<350 <100 <9.8

350 - 500 100 - 150 9.8-11.5

500 - 610 150 - 200 11.5-125

610 - 690 200 - 250 125-134

690 - 770 250 - 300 13.4-14.3

770 - 880 300 - 400 14.3-15.7

880 -1170 400 -1000 15.7-21.1

1
2
3
4
5
6
7

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.




South Dakota Wind Resource Map
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Small Wind Turbine Productivity Estimates*

Wind  Productivity Wind Power Density =~ Wind Speed
Power  per m2 of at33ft (10 m) at33ft (10 m)
Class sweptarea**
(kWh/year) (W/m?) (mph) (m/s)
< 350 <100 <9.8 <4.4
100 - 150 9.8-11.5 4.
150 - 200 11.5-125 5.1-5.
200 - 250 125-134 g -6.
6.
7.

250 - 300 13.4-143
300 - 400 14.3-15.7
400 -1000 15.7-21.1

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.




Texas Wind Resource Map

WWW. InfinitePower.org/reswind.htm

WIND POVWER

CLASS1 | CLASS3 CLASS 5

B cLass e CLASS 4 [ CLASS 6

The mouniain passes and ridgeiops of the
Trams-Pecos exhibil the highest average wind

terrain can change abruptly over short distances,
the best wind farm kocations in West Texas ane
guite site specific.

The Panhandie contains the sizie's greaiesi expanse
with high quality winds. Well-exposed |locations afop
the caprock and hifllops experience paricularly
attractive wind speeds. A= n all locations throwghout
the state, determmation of areas appropriate for
development mus! mclude consideration of
environmenial and social factors as well as fechnical
wiability.

Eputh of Galvesion, the
Texas coast experenoes
consisient, sirong
seabreezes thal may prove
suilable for commerncial
development



http://www.infinitepower.org/reswind.htm

Vermont
Wind Resource
Map

Small Wind Turbine Productivity Estimates*

wind  Productivity Wind Power Density =~ Wind Speed
Power perm2 of at33ft (10 m) at33ft (10 m)
Class sweptarea**
(kWhtyear) (W/m?) (mph) (m/s)
< 350 <100 <98 <44
350 - 500 100 - 150 9.8-11.5 4.
500 - 610 150 - 200 11.5-125 5.
610 - 690 200 - 250 12.5-13.4

770 - 880 300 - 400 14.3-15.7

690 - 770 250- 300 13.4-143 6.0-6.
880 -1170 200-1000 157-211 7.0-

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.

Benning




Virginia Wind Resource Map

Small Wind Turbine Productivity Estimates*

Wind Productivity Wind Power Density =~ Wind Speed

Power perm2 of at 33ft (10 m) at33ft (10 m)

swept area**

(kWhlyear) (W/m?) (mph) (m/s)
< 350 <100 <9.8

350 - 500 100 - 150 9.8-11.5

500 - 610 150 - 200 11.5-12.5

610 - 690 200 - 250 12.5-13.4

690 - 770 250 - 300 13.4-143

770 - 880 300 - 400 14.3-15.7

880-1170 400 -1000 15.7-21.1

NOOTE WN =

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.
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Washington Wind Resources Map

Small Wind Turbine Productivity Estimates*

Wind  Productivity Wind Power Density ~ Wind Speed

Power  per m2 of at33ft (10 m) at33ft (10 m)

Class swept area™

(kWh/year) (W/m?) (mph) (m/s)
<350 <100 <9.8 <44

350 - 500 100 - 150 98-115 44-5

500- 610 150 - 200 11.5-125 5.1-5.

610- 690 200 - 250 125-13.4

690- 770 250 - 300 13.4-143

770 - 880 300 - 400 14.3-15.7

880-1170 400 -1000 15.7-211

NOOTAWN=

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.
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West Virginia Wind Resource Map
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Small Wind Turbine Productivity Estimates*®

Productivity Wind Power Density =~ Wind Speed
at33ft(10 m)

Wind
Power
Class

NOOBAWN=

per m2 of
swept area**
(kWhlyear)

<350
350 - 500
500 - 610
610 - 690
690 - 770
770 - 880
880-1170

at33ft (10 m)

(Wim?)
<100
100 - 150
150 - 200
200 - 250
250 - 300
300 - 400
400 -1000

(mph)
<9.8

9.8-11.5
115-125
125-13.4
13.4-14.3
14.3-15.7
15.7-21.1

(m/s)

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.




Wisconsin
Wind Resource
Map

hitp://www.focusonenergy.co
m/data/common/pageBuilder
Files/winds.pdf
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http://www.focusonenergy.com/data/common/pageBuilderFiles/winds.pdf

Wyoming Wind Resource Map

Small Wind Turbine Productivity Estimates™

Wind  Productivity Wind Power Density =~ Wind Speed
Power  perm? of at33ft (10 m) at33ft (10 m)
Class sweptarea™

(kWh/year) (W/im?) (mph) (m/s)

< 350 <100

350 - 500 100 - 150

500 - 610 150 - 200

610 - 690 200 - 250

690 - 770 250 - 300

770 - 880 300 - 400

880 -1170 400 -1000

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.
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US Wind Resource Map

WWW. EEre.energy.gov/windpoweringamerica/images/.
windmaps/wWherewind800.jpg

Yearly Electricity Production Estimated per m2 of Rotor Swept Area
for a Small Wind Turbine

§  Source: "Wind Energy Resource
3\ Atlas of the United States”, 1987

—J R

Small Wind Turbine Productivity Estimates* * Estimates are based on different models and sizes

Wind Productlwty Wind Power Density  Wind Speed of wind turbines assuming a tower height of 80 ft (24 m).
Plower perm2of — at33ft(10m) at33ft (10 m) ** For systems of different sizes, multiply the estimated
Class ?kwv?lﬁtl ;r:?) Wim?) (mph) (mis) productivity by the total swept area of the turbine.
<100 - - U.S. Department of Energy
3%0- 190- 150 R eis National Renewable Energy Laboratory

200 - 250

250 - 300

300 - 400

400 -1000

03-APR-2001 1.1.8


http://www.eere.energy.gov/windpoweringamerica/images/windmaps/wherewind800.jpg

US Solar Resource Map

rredc.nrel.gov/solar/oldl data/nsrdb/redbooki/atias/Iiable.htmi
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Flat Plate Tilted South at Latitude
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Productivity of a Net Metering PV System

kWh/y: per KW of PV
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Wind Power Classes

At 50 m height

wind
Power
Class

Productivity
per m2 of
swept area™”

(kWh/year)

1 < 350

2 350- 500
3 500- 610
4
5

610 - 690

690 - 770
6 770- 880
7 880-1170

at 33 ft (10 m)

(W/m?)
<100
100 - 150
150 - 200
200 - 250
250 - 300
300 - 400
400 -1000

Small Wind Turbine Productivity Estimates*

Wind Power Density =~ Wind Speed

at 33 ft (10 m)

(mph)

<9.8
9.8-11.5
11.5-12.5
12.5-13.4
13.4-14.3
14.3-15.7
15.7 -21.1

* Estimates are based on different models and sizes of wind turbines
assuming a tower height of 80 ft (24 m).

** For systems of different sizes, multiply the estimated productivity by
the total swept area of the turbine.




Wind Power Classes at 50 m

Wind Power Classification

Resource Wind Power Wind Speed® Wind Speed®
Potential Density at 50 m at 50 m at 50 m
W/m? m/s mph

Marginal 200 - 300
Fair 300 - 400
Good 400 - 500
Excellent 500 - 600
Qutstanding 600 - 800
Superb 800 - 1600

12.5-14.3
14.3-15.7
15.7-16.8
16.8-17.9
17.9-19.7
19.7-24.8
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aWind speeds are based on a Weibull k value of 2.0




Solar and Wind Resources

are Complementary
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